As the 2012 movie Trouble With the Curve opens, aging baseball scout Gus Lobel is seen standing at the toilet, apparently struggling to empty his bladder. Gus's difficulty accomplishing this mundane yet vital function serves as an apt metaphor for the manifold ways in which the inexorable passage of time has betrayed him. A living anachronism in a world where scouts employ statistics and computer analysis to evaluate the potential of young prospects, Gus eschews technology, relying solely on inputs from his own senses: subtle details of a batter's swing, the zing of a perfectly thrown hardball meeting the catcher's mitt, the strength of character revealed in the depths of a player's eyes.
Nearing the end of his latest contract, Gus embarks on what could be his last scouting assignment, heading off to North Carolina to evaluate Bo Gentry, a young phenom being pursued by a flock of recruiters. This task should not be too challenging: According to Bo's statistics, he's ready to step right into a major league batter's box. Gus's team merely wants a final pro forma confirmation of Bo's talent before expending a precious first round draft pick on him.
Gus is more skeptical. The hulking Bo can clobber a fastball out of the park, but can he handle a curve? Unfortunately, Gus's steadily enlarging prostate is not the only bodily organ that is failing him; his eyesight is deteriorating at an alarming rate, impeding his ability to detect the subtleties he normally uses to evaluate a hitter. Enter Gus's estranged daughter, Mickey, forcibly inserting herself into the expedition to assist her stubbornly unwilling father with his mission.
Although Trouble With the Curve is ostensibly about Bo Gentry's difficulty hitting curving pitches, it's replete with characters who are struggling against a different type of curve: a learning curve. Bo thinks that he is fully developed, but he finds that he needs to climb further up the batting learning curve before he will be ready for the big leagues. Gus is stigmatized by his refusal even to enter the statistical analysis learning curve, while his competition is stymied by their ignorance of traditional methods. Gus and Mickey's dysfunctional relationship is seriously impaired by their inability to learn to communicate honestly. Spoiler alert: By the time the movie's feel-good ending arrives, Gus's instincts are justified, and he and Mickey learn to connect successfully.
As surgeons, the curve that we most commonly find ourselves up against is not a tricky pitch; it's the surgical learning curve. Initially, this occurs during our training, when we must acquire a continually increasing progression of skills. Once in practice, the introduction of a new technique or procedure may throw us a curve ball and initiate another learning curve.
The basic concept of a surgical learning curve seems straightforward enough: Practice makes perfect. It takes time and repetition to master a new skill. When a surgeon undertakes to learn a new procedure or technique, his or her performance will progressively improve until it reaches a steady state of competence. The rate at which the skill is acquired is usually visualized as a mathematical graph, with a measure of skill or outcome as the vertical axis and the number of repetitions as the horizontal one. Although a surgical skill that is difficult to master is often described as having a steep learning curve, this is actually the opposite of the curve's graphic representation. 5 When a new technique is easily perfected, the competency curve will rise steeply, requiring a small number of repetitions until the performance plateau is reached. Conversely, when a skill requires many repetitions to perfect, the curve will ascend very gradually toward the steady state plateau.
In practice, surgical learning curves are quite complex. Learning curves are procedure-specific: A surgeon who is adept at arthroscopic single-row rotator cuff repair will pass through a secondary learning curve when first embarking on a double-row technique. Learning curves are also surgeon-specific: The shape of the curve for a particular procedure may vary considerably from one surgeon to another. An individual's innate ''talent'' level will affect the slope of the curve, while familiarity with similar techniques will allow a surgeon to enter the curve at a higher point and reach the plateau sooner. 13 In the example just given, the surgeon who is experienced in single-row cuff repair will usually master the double-row technique faster than one who has no prior experience with arthroscopic cuff repair methods. In addition, the surgical team and the host institution also have their own learning curves, 5 which will interact with the surgeon's curve in a positive or negative manner. 14 Finally, surgical outcomes, and thus the shape of the curve, will be affected by patient-related factors. 21 These include characteristics of the pathology being addressed, such as the size, retraction, chronicity, and associated atrophy of a rotator cuff tear, but also aspects of the patients themselves, including physical comorbidities, psychological make-up, and habits such as smoking or substance abuse.
The units chosen to reflect performance on the vertical axis of a surgical learning curve are highly variable. These units can be measures of surgical process or of patient outcome. 5 Surgical process measures are often selected Assessment of the clinical success of the procedure, arguably of greatest interest to patients, is usually limited to reoperation or other gross evidence of failure. Although these are important events, they fail to give a complete picture of the outcomes experienced by most patients. This is especially true in a field such as orthopaedic sports medicine, in which severe complications are thankfully uncommon. Ideally, the vertical axis of the learning curve would be a measure of patient function, such as a validated outcome score. So far, these metrics have not been frequently reported in orthopaedic learning curve research, probably because they are not routinely recorded in available databases.
Establishing the horizontal axis of a learning curve would appear to be more straightforward than the vertical one: It is traditionally the number of cases performed. However, this quantity may be analyzed in several different ways.
14 The most common approach is to divide the cases into groups and then compare the outcome metric from one group to the next. The size of the groups is often quite arbitrary: halves or thirds of the total number, or successive clusters of a set number of cases. Less often, more sophisticated statistical methods have been employed. These include univariate techniques that generate a continuous curve by fitting a line to the data, and multivariate methods that adjust for confounding factors such as variations in case mix, while splitting the cases into discrete groups or analyzing them as continuous data.
The cumulative sum, or cusum, technique is an additional method that can be used to track the performance of an individual practitioner or treatment team over time. 2, 13, 14, 21 Cusum analysis requires a binary outcome measure, such as recurrence/nonrecurrence of shoulder instability, and identification of thresholds for acceptable and unacceptable levels of the undesirable outcome. This technique is sometimes reported in single-surgeon studies, and an individual surgeon could use it to track his or her own results prospectively. In this manner, a cusum curve could serve as an alert to an important deterioration or improvement in outcomes, as might happen when changes in technique or case mix are occurring.
In orthopaedic surgery, learning curve research has been reported for a variety of operations, including the Latarjet procedure for shoulder instability, 1 robotic 18 and conventional hip and knee arthroplasty, 12 and medial patellofemoral ligament reconstruction. 3 In this month's American Journal of Sports Medicine, Mehta and colleagues 11 report their efforts to define the surgical learning curve for hip arthroscopy. Although this surgical technique has been available for many years, the elucidation of femoroacetabular impingement has expanded its indications and led to a rapid increase in the number of procedures being performed and the number of surgeons performing them. The creative innovations of arthroscopic hip surgeons have challenged both the entire profession and individual practitioners with a rapid succession of new learning curves.
Recognition of the difficulties of hip arthroscopy and its potential complications 15, 16, 19 has generated a flurry of studies of the associated learning curve. 4, 6, 7, 9, 17, 19 Most of these publications have reported the experience of a single surgeon, 6, 7, 9, 17 with outcome metrics that include operative time, 6, 7, 9 reoperation, 7 fluoroscopy time, 17 complications, 6, 7 conversion to total hip arthroplasty, 6, 7 and patient-reported outcome measures. 6, 7, 9 While single-surgeon reports are edifying, they reflect the abilities and experience of the reporting surgeon, as well as his or her surgical team, facility, procedure mix, and patient characteristics, and thus may not be generalizable to other practitioners.
In their study ''Defining the Learning Curve for Hip Arthroscopy,'' Mehta and colleagues aimed to overcome this limitation by extracting data from a large state-wide surgical database. The investigators analyzed 8041 hip arthroscopy procedures in 7635 patients performed by 251 surgeons, following each case for 5 years. During that time period, the investigators observed that 989 (12.3%) of the hips underwent repeat arthroscopy, resurfacing, or arthroplasty. The operating surgeons were then divided into 4 groups according to their career volume of hip arthroscopies using a stratum-specific likelihood method: 0-97, 98-388, 389-518, and 519. The effect of surgeon career volume on the risk of reoperation was then calculated using a Cox proportional hazards model adjusted for multiple patient characteristics: age, sex, race/ethnicity, insurance type, and concurrent diagnosis of hip osteoarthritis.
The researchers found that the percentage of cases that underwent reoperation during the 5-year time window declined progressively according to the surgeon's career volume. The frequency of reoperation in hips operated on by the surgeons in the 0-97 case group was 15.4%, and the frequency of reoperation decreased in each successive stratum to 13.8%, 10.1%, and finally 2.6%. Regarding patient characteristics, the risk of resurfacing or conversion to arthroplasty, but not repeat arthroscopy, increased with age and in the presence of osteoarthritis.
Database research has its own characteristic limitations. Available information is restricted to the items recorded in the database. In this particular study, assessment of results was confined to the occurrence of repeat surgery; no patientreported outcome measures were available. Similarly, diagnostic details that might have influenced the risk of repeat surgery, such as stigmata of dysplasia or abnormal version, were unavailable. Keeping these limitations in mind, it is still notable that the risk of reoperation did not fall below 10% until the surgeons had performed 389 cases, and it did not reach its nadir until surgeons had a career volume of 519 or more, a level attained by only 6 surgeons. Further analysis suggested that this measure of success was not simply the result of superior technical competence within this elite cadre. The surgeons with the highest career volume also had a different patient mix, including the highest percentage of young patients and the lowest percentage of patients with osteoarthritis.
In discussing their findings, Mehta et al conclude that the surgical learning curve in hip arthroscopy appears to last a lot longer than previously thought. Given the time period during which the operations were performed, I would add that the length of the curve may, in part, reflect the learning curve of the entire profession. The authors also observe that the low rate of repeat surgery documented in the highest volume surgeons appears to result from a combination of technical proficiency and astute case selection. This latter finding, they note, implies that the learning curve could be shortened in the future by didactic instruction that highlights patientrelated factors predisposing to surgical failure.
The ideal reoperation rate for hip arthroscopy is a topic that might generate some discussion. It would seem intuitive that the lower the rate of repeat surgery, the better. Certainly, repeat arthroscopy precipitated by failure to address the primary pathology adequately is an event that should be avoided. However, if the alternative to arthroscopy is an arthroplasty, a somewhat greater chance of failure might be acceptable. Delaying a hip replacement for 4 or 5 years might not be considered a failure by a young patient.
The findings of the current study may have implications beyond the field of hip arthroscopy. It is possible that the learning curves for other procedures also take a lot longer to plateau than previously appreciated. A number of studies in the orthopaedic literature have investigated the relationship between surgical volume and patient outcomes. 8, 10, 20 It is possible that the volume estimates generated in such studies reflect, at least in part, the continuation of a long learning curve and not simply the volume needed to maintain optimal performance once the plateau is attained.
In Trouble With the Curve, the fictional Bo Gentry handles amateur pitching so effortlessly that he arrogantly assumes that there is nothing left for him to learn. When he encounters more sophisticated opposition, however, he realizes that he has another learning curve to climb. As surgeons, it is important for us to remember that whenever we change our technique, encounter a more challenging case mix, or add a novel procedure to our surgical repertoire, we embark on another learning curve. By continuing to monitor our own results, we can conduct our own ongoing single-surgeon study and thus avoid a delay in detecting any decline in outcomes that might warrant our attention.
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